Background: Novel high-resolution impedance manometry (HRIM) metrics of bolus
| INTRODUCTION
Esophageal manometry is the primary method to assess esophageal motility. When high-resolution manometry is combined with multichannel intraluminal esophageal impedance sensors (high-resolution impedance manometry, HRIM), the esophageal function evaluation can be enhanced by assessing the interplay between esophageal motility and bolus transit. 1 Novel HRIM paradigms have incorporated intraluminal impedance with esophageal pressure measures to derive esophageal pressure-flow metrics. [2] [3] [4] [5] Among these, metrics that predict flow across the esophagogastric junction (EGJ), the bolus flow time (BFT), or residual bolus following a swallow, the esophageal impedance integral (EII) ratio were developed and validated among healthy controls utilizing simultaneous videofluoroscopy. 6, 7 Both the BFT and EII ratio demonstrated promise with enhanced symptomassociation over other manometric measures among patients with achalasia and also with non-obstructive dysphagia without a major esophageal motility disorder. [8] [9] [10] However, inter-rater reliability of the analysis to generate the BFT and EII ratio has not been assessed and thus the aim of this study was to evaluate the inter-rater agreement of the BFT and EII ratio among a cohort of patients evaluated for dysphagia.
| MATERIALS AND METHODS

| Subjects
Patients that completed HRIM for an indication of dysphagia were retrospectively identified for inclusion from the esophageal manometry registry of the Esophageal Center of Northwestern Medicine. A total of 10 patients were selected from four groups based on Chicago Classification diagnoses to generate a total study population of 40 unique patients: (i) normal motility, (ii) EGJ outflow obstruction, (iii) Type II achalasia, and (iv) Type II achalasia (pretreatment diagnosis) evaluated following intervention with pneumatic dilation (n = 3), laparoscopic myotomy (n = 5), or per-oral endoscopic myotomy (n = 2). 11 Patients were excluded if a hiatal hernia ≥3 cm was present or for previous foregut surgery among groups 1, 2, and 3.
| HRIM protocol and analysis
Manometry studies were completed using a 4. The 10 supine swallows were utilized to designate an esophageal motility diagnosis via the Chicago Classification v3.0, (but were not subjected to further analysis for inter-rater agreement).
11
The 5 upright swallows (as previous findings demonstrated better symptom-association with upright than supine swallows)
were subjected to analysis for inter-rater agreement assessment by two raters blinded to patient-clinical details (ZL and WK). The integrated relaxation pressure (IRP) was assessed using Manoview v3.0.1. The HRIM data for each subject were exported to MATLAB ™ to apply to a customized program for analysis of BFT and EII ratio as previously described; Figure 1. 9,10
| Statistical analysis
Inter-rater agreement was assessed using the intraclass correlation 
| RESULTS
| Subjects
Forty patients, ages 20-85 years (mean ± standard deviation 56 ± 18 years), 21 (53%) female, were included. The treated achalasia group was evaluated at a median (inter-quartile range) 13 (8-27) months following treatment. Motility patterns among the post-treatment achalasia group included absent contractility (2), type II achalasia (3), type III achalasia (3), and ineffective esophageal motility (2).
| Inter-rater agreement
Median (per-patient) values generated by one rater were median • Almost perfect inter-rater agreement was demonstrated between two raters for both the BFT and EII ratio.
• Reliable calculation of the BFT and EII ratio supports broader application of these metrics to further assess their role in clinical evaluation of esophageal disease.
when analyzing all swallows among each patient group (n = 50 swallows per group) demonstrated moderate to almost perfect agreement for each metric; Table 2 .
| DISCUSSION
We evaluated the inter-rater agreement of novel HRIM metrics, the BFT and EII ratio, between two raters among patients evaluated for dysphagia and demonstrated strong to almost perfect agreement between the raters.
The HRIM metrics of pressure-flow metrics generated via the au- 
